Abstract: There is seldom research on describing the changing trend of water-oil displacement efficiency based on time and water drive frontal position. In previous study, our team gave the theoretical expression of water saturation in oilwater fluid flow area based on time and distance. In this work, we mainly focus on the prediction of water-oil displacement efficiency combining the permeability experiment and theoretical expression of water saturation. This new expression gives the micro water-oil displacement efficiency in different frontal position and time. The prediction results show: that the predicting accuracy is high and practicable, and we can shorten the time and cost of experiment and this prediction method is meaningful in guiding the actual oilfield development.
INTRODUCTION
proposed the Buckley-Leverett equation [1] , and it has been used in water saturation prediction experimentally, so theoretical expression of water saturation based on time and distance needs to be established. Many scholars are engaged in water saturation description, and already made some progress. The previous study was based on the experimental method, Archie (1942) established a formula of water saturation adaptive to these pure sandstone reservoirs [2] ; Poupon's work (1971) [3] was based on Simandoux's which was done in 1983 [4] , where an equation of water saturation was given. Fertl (1982) [5] and Dewan (1998) [6] further developed the above-mentioned equation. Yao (1993) et al. used the analytical forecasting method to study the water saturation of reservoir [7] ; Zhang et al. (2008) theoretically deduced the relation between electric resistivity and water saturation [8] ; Wang et al. (2010) [9] and Li (2010) [10] also studied the water saturation of oil reservoirs with the experimental method, respectively. However, the theoretical expression of water saturation based on time and distance still needs to be studied. Considering the Buckley-Leverett equation and related mathematical model, and introducing Vieta's theorem to the differentiation of water cut, Liu [11, 12] established the theoretical expression of water saturation based on time and distance. This new expression can be used to predict the water-oil displacement efficiency. At present, there is seldom theoretical research on water-oil displacement efficiency prediction method based on time and distance. Hence, study on water-oil displacement efficiency based on time and distance gets theoretical and practical value.
PARAMETERS CONFIRMATION IN NEW WATER SATURATION EQUATION
Combining relational expression between relative permeability and water saturation with the fractional flow equation *Address correspondence to this author at the Post-doctoral research station, southwest petroleum university, Chengdu, China; Tel: 028-83037760; Fax: 028-83037760; E-mail: Tsinghua616@163.com produced an expression of water cut changed by water saturation; Introducing Vieta's theorem to the differentiation of water cut gave a theoretical expression of water saturation in oil-water fluid flowarea; Introducing the concept of frontal water saturation to these expressions gave the continuous expression of water saturation [12] , it is,
(1)
By taking the relative permeability experiments, the parameter of a and b in eq. (1) can be achieved with regression analysis method, the experiment procedure is given in Fig. (1) .
Experiment steps:
1) Drill and cut cores;
2) Preparation of formation water and simulated oil; 
PREDICTION OF WATER-OIL DISPLACEMENT EFFICIENCY Prediction of Water-Oil Displacement Efficiency
Definition of water-oil displacement efficiency gives
In previous time, the E D was changed by S w , and in calculation, we can hardly obtain the micro water-oil displacement efficiency in different water drive front position. By introducing eq. (1) to eq. (2) gives
so we can use eq. (3) to calculate the E D chanced by time and distance. In other word, the E D in any water drive front position and time can be predicted now.
Prediction of Water Cut
It is known to us, one regression expression between permeability and saturation is,
Here,
is the ratio of oil permeability and water permeability, a and b are regression parameters.
Definition of water cut shows:
By introducing eq. (1) and eq. (4) to eq. (5) gives
Eq. (6) can be used to depict water cut changed by time and frontal distance, further, we can analyze the relation between water cut and water-oil displacement efficiency.
APPLICATION AND DISCUSSION
Given the experimental data of certain sandstone oil reservoir, see Table 1 and Table 2 .
In Fig. (2) , the bold line is the simulation line and the thin blue line is the experiment line, the simulation line is close to the experimental line;
In Fig. (3) , the regression accuracy curve shows the simulation accuracy is higher than 0.97, in other word, the regression error is 0.03, this is acceptable. Here, In a=9.52374, b=16.2878. Using eq.(3) and eq. (5) 5) show: (1) the water in the block appears early, the time of oil production without water is short; the water cut improves quickly in the stage of water drive; Table 1 . Water and oil permeability data of a sandstone oil reservoir. Here, the blue and pink curves are the curves on E D in 100 and 200days, separately; and the yellow triangle and the green intersect curves are the curves on f w in 100 and 200 days, separately.
Generally, the water in the block appears early, the oil and water production period is short, the water cut rises fast, the water channeling is severe and the water-oil displacement efficiency is low.
Note: The new E D prediction method is based on time and frontal position, it belongs to the microscopic percolation mechanism. While, the previous water-oil displacement efficiency prediction methods are based on water saturation or water cut, they belong to the macroscopic percolation mechanism. 
